ABSTRACT
INTRODUCTION
Before the Nile perch got established in Lake Victoria, the fish fauna was dominated by a diversified, probably monophyletic species flock of haplochromine cichlids. The fish species flock was comprised of more than 500 haplochromine species excluding other indigenous fish species (Meyer et al. 1990 ). The fish species occupied a great variety of niches (Witte et al. 1992) .
Over the last two decades several changes in the lake ecosystem have been observed. Exceptionally high yields of fish were observed during the 1980's as a result of the introduction of the Nile perch (Lates niloticus) and other environmental impacts within the entire ecosystem. At the same time species diversity was declining (Mkumbo 2002) . It is anticipated that a number of reasons are behind the decline in fish species diversity. For example, haplochromines declined or were eliminated in some areas largely due to predation and overfishing (Ogutu Ohwayo 1988) (Kudhongania 1972) . At present the lake is characterized by fishery of a few species comprising mainly of L. niloticus, Rastrineobola argentea and Oreochromis niloticus (Goudswaard and Ligtvoet 1988) . Environmental changes have also been reported to play some role in the decline of fish species diversity. For example, the invasion of the water hyacinth, Eichhornia crassipes reported in the late 1980's which has been associated with many environmental changes (Kaufman 1992). Weed mats of E. crassipes covering the water surface destroy rooted or floating macrophytes as well as breeding and nursery grounds of some fish species. These weed mats not only obscure light from penetrating to benthic or demersal areas of the lake but are also a cause of localized deoxygenation in the area hence causing some species to abandon the areas (Goudswaard & Witte 1985) . Decaying of dead leaves result in the release of poisonous gases like ammonia and hydrogen sulphide which are deleterious to the survival of fauna in the areas (Goudswaard & Witte 1985 , Mugidde 1993 .
. The indigenous tilapiines including Oreochromis esculentus and O. variabilis were eliminated as a result of trophic interactions with introduced species mainly O. niloticus, T i l a p i a z i l l i i and O. leucostictus
Studies have revealed that the fish species which were feared to have disappeared have shown some signs of recovery (Bayona et al. 2003) . The recovering species include; the haplochromines, Schilbe intermedius, Brycinus species, Bagrus docmak, Clarias gariepinus, Synodontis victoriae and S. afrofischeri. There is scarce information on the distribution and abundance of fish species in different areas and the distribution of different sizes according to depth on the Tanzania side of Lake Victoria. It was therefore, the aim of this study to provide information on fish species distribution and abundance in different areas and size structure variations according to depth.
MATERIALS AND METHODS

Study Area
The study was carried out in Lake Victoria, Tanzania in nine stations namely; Magu Bay, Bulamba, Lamadi, Baumann Gulf, Shirati Bay, Mori Bay, Mara Bay, Rubafu Bay and Mwanza Gulf. The lake is situated on the East African plateau at 1134 m above sea level. The climate is equatorial with two wet seasons, one between October and December, the other between February and April.
Sample and Data Collection S a m p l e s w e r e collected during January/February and December which constituted the rainy season and July/August, 2002 which constituted the dry season (Waya & Chande 2004) . The samples were collected using a stern trawler RV TAFIRI II with 150 HP operating a bottom trawl net of 38 mm mesh cod end.
Sampling areas were two depth ranges one less than 20 m and the other between 20 and 30 m. The range of 20 -30 m included Shirati and Rubafu areas. Each trawl operation took 30 minutes and on retrieval of the net, big fish were first sorted out. The sample was then sorted into different fish species and weighed to obtain the sample weight. The weights were used to calculate catch rates (kg/hr). Individual length of Lates niloticus from the two depth ranges were recorded and used to generate length frequency distributions. During sampling, data on physico -chemical parameters from the same environment were also recorded. Temperature and dissolved oxygen were measured using Wagtech Portable probes that permitted measurement of these parameters on site. Transparency was measured using a secchi disc. Measurement of chemical parameters (concentrations of ammonia, nitrate, nitrite and phosphate) was done in the laboratory using the Palintest Photometer 5000 (Kulekana 2003).
Data Analysis
The distribution of fish species in different stations for both wet and dry seasons was compared using Cochran's Q test (Zar 1984) . The differences in catch rates (kg/hr) of different fish species between rainy season and dry season were tested using analysis of variance. The differences in the catch rates of haplochromines between rainy and dry seasons were tested using Chi-square (χ 2 ). Tables 1 and 2 present distribution and catch rates of different fish species in different areas during rainy and dry seasons. The results show that all fish species which were encountered during the rainy season were also recorded during the dry season in varying magnitudes. The results showed a significant difference during the dry season (Q = 18.254, df = 8, P < 0.001), while during the rainy season there was no significant difference (Q = 10.6667, df = 8, P > 0.001). 
RESULTS
Seasonal distribution and abundance (catch rates) of fish species in different areas
i l o t i c u s , O r e o c h r o m i s niloticus, Synodontis victoriae, S. afrofischeri, Schilbe intermedius and Brycinus sadleri.
The haplochromines on average recorded higher catch rates during the dry season (11.08 kg/hr) than during the rainy season (7.72 kg/hr) but the values did not differ significantly (χ 2 = 0.60, df = 1, P > 0.05). The sites which recorded highest catch rates were; Lamadi (5.93 kg/hr) followed by Magu Bay (1.75 kg/hr), Bulamba (1.48 kg/hr) and Rubafu Bay (1.30 kg/hr). Figures 1 and 2 give length frequency distribution of L. niloticus at a depth of less than 20 m and 20 -30 m respectively. The results show that small individuals dominated at the depth of less than 20 m, with modes ranging from 15 cm TL to 25 cm TL. Larger individuals were dominant in deeper waters (Fig. 2a) ; the mode was at 45.5 cm TL. Figure 2b shows that both small and large individuals dominated in deeper waters whereby two modes were recorded, one at 15.5 cm and another one at 45.5 cm. Table 3 shows physical and chemical parameters measured during 2002 in different sampling stations and depths. Dissolved oxygen at the surface layers ranged from 4.8 to 9.1 mg/l while at the deeper layers ranged from 4.0 to 9.1 mg/l. Transparency ranged from 0 to 2.4 m. Rubafu recorded the lowest (0 m) followed by Baumann Gulf (0.7 m). Regarding the nutrients all were within the permissible levels or values for the survival of fish (Kulekana 2003) except phosphorus in three stations where it was above the permissible value (100 µg/l). At Bulamba, phosphorus ranged from 119 µg/l (at the surface) to 163 µg/l (at the bottom), at Mara Bay it ranged from 110 µg/l to 129 µg/l while at Mori Bay it was 133 µg/l at the bottom Transparency was lowest in these areas, 0 and 0.7 m respectively, a result of high abundance of phytoplankton. The phytoplankton are normally abundant during the rainy season as a result of high nutrient input into the lake due to runoff (Mugidde 1993) . Some fish species which were in large quantities are catadromous using both rivers and the lake for feeding and breeding. These include Schilbe intermedius and Brycinus sadleri. During the rainy season the rivers and streams are filled with water creating a suitable environment for catadromous fish species to breed.
Size structure
Physico -chemical parameters
The abundance of the fish species in different areas varied between the rainy and dry seasons. For example, during the rainy season the highest catch rate was recorded at Mara bay (106.61 kg/hr) while during the dry season the highest catch rate was recorded at Magu bay (67.90 kg/hr). The differences could be attributed to the availability of food items for the fish species, particularly the recovering demersal haplochromines in Mara Bay, while at Magu Bay there was a high diversity of fish species during the dry season which could be preyed upon by L. niloticus (Mhitu & Chande 2003) .
The differences in the distribution of the fish species during the two seasons could also be attributed to the differences in the availability of food resources. During the rainy season there was a high abundance of the food resources hence recording the insignificant differences in the distribution of the fish species in different areas. One of the food items is the zooplankton which was reported to be more abundant during the rainy season than during the dry season (Waya & Chande 2004) , and the reverse was true during the dry season. Zooplankton are the most important converter of primary to secondary production for carnivorous invertebrates and fishes further up the food chain (Mwebaza-Ndawula 1994).
Size structure
The results indicated that small individuals dominated in shallow areas at a depth of less than 20 m while large ones dominated in areas with a depth greater than 20 m. The dominance of large individuals in deeper waters could be related to differences in habitat preference according to size. One of the possible explanation could be swimming ability; larger individuals can resist high pressure and rough weather in deeper waters.
Another possible explanation for the differences in the distribution of the small and large individuals could be predation, in this case cannibalism. Predation by L. niloticus is fairly intense in open deep waters (Roest 1985) . The individuals escaping cannibalism particularly small ones move to inshore or shallow waters where predation is less intense. Similar observations were reported by Goudswaard and Witte (1997) in Lake Victoria. The cat fish Schilbe intermedius disappeared from the offshore areas as a result of predation by
Nile perch and remained in the shallow waters.
Changes in oxygen concentrations with depth could also be a contributing factor. The dissolved oxygen showed a decreasing trend with depth (Kulekana 2003) . L. niloticus is a high oxygen demanding species; therefore, small individuals to occupy deeper levels could lead to suffocation. They are active needing enough energy for growth as such they occupy shallow waters with high oxygen concentration. The large individuals could be less active hence capable of utilizing the little oxygen available at the deeper levels.
For example, at Bulamba and Mara Bay the dissolved oxygen was almost the same throughout the water column and the areas were dominated by small individuals. Whereas, at Shirati Bay the concentrations of oxygen at the surface and at a depth of 15 m were different (5.8 and 4.4 mg/l respectively) and was dominated by larger individuals.
The study has established that the abundance of the fish species was higher during the rainy season than during the dry season and different sizes of L. niloticus were distributed according to depth, with larger ones dominating a depth greater than 20 m. This suggests that the L. niloticus fishery should operate actively at depths greater than 20 m in order to catch larger or mature individuals.
